1 0 9 3 r e s o u r c e γδ T cells have emerged as key providers of interleukin 17 (IL-17) in various models of infection, inflammation and autoimmunity [1] [2] [3] [4] [5] [6] . Antibody-mediated or genetic depletion of γδ T cells greatly reduces disease severity in IL-17-driven models of chronic inflammation [1] [2] [3] [4] 7 . Those results notwithstanding, many reports have made a compelling case for γδ T cells as major producers of interferon-γ (IFN-γ) in both mice and humans 8 , which has been a foundation for clinical trials targeting these lymphocytes in cancer immunotherapy 9 . Given the dual ability of γδ T cells to produce IL-17 and IFN-γ, published work has aimed to identify markers associated with functional attributes of mouse γδ T cells [10] [11] [12] [13] . Expression of the costimulatory receptor CD27 segregates IL-17-producing (CD27 − ) γδ T cells and IFN-γ-producing (CD27 + ) γδ T cells in both naive and Plasmodium-infected C57BL/6 mice 10 . Moreover, the chemokine receptor CCR6, which is expressed exclusively on CD27 − γδ T cells, constitutes an additional marker for IL-17 + γδ T cells 13, 14 .
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Both CD27 + and CD27 − γδ T cell subsets show spontaneous cytokine secretion after activation, in contrast to the delayed differentiation of conventional CD4 + T cells of the T H 1 or T H 17 subset of helper T cells 15 . That finding is highlighted by the observation that 30-40% of peripheral γδ T cells freshly isolated from naive mice produce either IL-17 or IFN-γ after 3 h of restimulation in vitro 10 . Those functionally mature γδ T cell subsets are also found in the thymus as early as the embryonic stages of mouse development [10] [11] [12] 16 . Moreover, the expression of genes linked to the production of IL-17 or IFN-γ segregates with particular γδ thymocyte subsets 17 . However, the epigenetic 'landscape' of γδ T cells, which, as for CD4 + T cells 18, 19 , probably dynamically controls the expression of genes encoding signature cytokines and their transcriptional regulators, remains unknown. Among other epigenetic mechanisms, methylation of histone H3 at Lys4 (H3K4me) or Lys27 (H3K27me) controls the accessibility of genes for the transcriptional machinery and thereby regulates cell fate 19 . Notably, the advent of deep (massive) sequencing, coupled to chromatin immunoprecipitation (ChIP), has allowed the genomewide characterization of H3K4-and H3K27-methylation patterns in various cell types, including CD4 + helper T cell subsets that were differentiated in vitro 18 .
To gain insight into the epigenetic regulation of γδ T cell subsets, we conducted genome-wide profiling of active dimethylated H3K4 (H3K4me2) and repressive trimethylated H3K4 (H3K4me2) modifications, complemented with analysis of additional chromatin marks (H3K36me3 and H3 acetylation) and transcriptional quantification of CD27 + γδ (γδ27 + ) T cell or CD27 − γδ (γδ27 − ) T cell subsets isolated from secondary lymphoid organs and compared those with the histone modifications and mRNA abundance in T H 1 or T H 17 CD4 + T cells differentiated in vitro. Our results constitute a public resource describing the epigenomes of γδ27 + and γδ27 − T cells and their effect on key transcriptional regulators of differentiation, and provide new insights on the peripheral functions of thymus-derived γδ T cell subsets.
RESULTS

Genome-wide analysis of H3 methylation in gd T cell subsets
To obtain a global profiling of chromatin modifications in γδ T cell subsets (isolated from pooled lymph nodes and spleen), we analyzed those cells by ChIP with antibody to H3K4me2 (anti-H3K4me2) and 1 0 9 4 VOLUME 14 NUMBER 10 OCTOBER 2013 nature immunology r e s o u r c e anti-H3K27me3, followed by deep sequencing (ChIP-seq). As reference, we differentiated CD4 + T H 1 and T H 17 subsets by standard in vitro protocols and subjected those to the same ChIP-seq analysis. This confirmed published observations of T H 1-biased Ifng expression and H3K4me2 marks in the Ifng locus 18 , which contrasted with the expression and H3K4me2 modifications of Il17a in T H 17 cells (Supplementary Fig. 1) .
We subjected the ChIP-seq data to in-depth bioinformatics analysis. We used three different 'peak-calling' tools to detect enrichment for histone-modification density and assigned only peaks consistently retrieved by all three methods. We first examined the H3-methylation patterns, across the entire genome, in the total pool of T cell subsets under study: γδ27 + and γδ27 − T cells, and T H 1 and T H 17 cells. This revealed that the vast majority (95%) of all H3-modified genes (in the total pool of T cell subsets) displayed the H3K4me2 or H3K27me3 marks in the promoter-proximal region (1 kilobase (kb) upstream and downstream of transcription start site); we observed only a small increase in H3 modifications when we also considered the distal promoter region (Fig. 1a) . High proportions of H3-modified genes were associated with H3K4me2 alone (50%) or with both H3K4me2 or H3K27me3 marks (27%), with similar patterns observed for all four T cell subsets (Fig. 1b) . A smaller fraction of H3-modified genes (<18%) displayed repressive H3K27me3 marks alone (Fig. 1b) , with 4% (883 genes) of all H3-modified genes displaying only H3K27me3 marks concomitantly in all four T cell subsets (Fig. 1c) . Quantitative analysis of the genes marked by H3K4me2 alone, H3K27me3 alone or both H3K4me2 and H3K27me3 revealed that from an epigenetic perspective, the γδ27 + and γδ27 − T cell subsets generated in vivo were as distinct from each other as were the CD4 + T H 1 and T H 17 cells subsets polarized in vitro (Fig. 1d) .
We next focused our analysis on the two γδ T cell subsets and compared the H3-methylation densities of γδ27 + and γδ27 − T cells. On the basis of quantitative algorithms, a total of 10,581 genes had a difference in the abundance of either H3K4me2 or H3K27me3 marks (Fig. 2a,b) . Those marks were located in the promoter-proximal region for 64% of all genes with a difference in H3 modification in γδ27 + T cells versus γδ27 − T cells (Fig. 2a) .
Selective inspection of the epigenetically regulated genes in γδ27 + and γδ27 − T cell subsets indicated that genes linked to (γδ) T cell development (such as Bcl11b, Id3 or Etv5) 17 displayed almost identical histone marking in both subsets (Fig. 2c) . In contrast, genes encoding effector cytokines (Il17a, Il17f and Il22) showed substantially more enrichment for permissive H3K4me2 marks in γδ27 − T cells than in γδ27 + T cells (Fig. 2c) . These epigenetic profiles suggested that γδ27 + and γδ27 − T cells share an early developmental program but diverge during functional differentiation into cytokineproducing subsets.
Additional targets in the differentiation of gd T cell subsets We next examined the full H3K4me2-H3K27me3 epigenome of γδ27 + and γδ27 − T cells (Supplementary Table 1 ) to identify genes encoding molecules involved in their differentiation. Il17a, Il17f and Il22 were among the genes with the greatest difference between the two subsets in H3 modification, and all showed more enrichment for active H3K4me2 marks in γδ27 − T cells than in γδ27 + T cells (Supplementary Table 2 ). We noted the same pattern for Ccr6 (which encodes the chemokine receptor CCR6) and Il1r1 and Il23r (which encode cytokine receptors) (Supplementary Table 2 ), all known to be expressed in γδ27 − cells 1, 13, 14, 20 . Those results notwithstanding, the 25 genes with the greatest difference in modification in γδ27 + T cells versus γδ27 − T cells represented previously unknown targets for the development and function of γδ T cells (Supplementary Table 2 ). Dock8 and Dkk3 displayed active H3K4me2 marks in γδ27 − T cells but not in γδ27 + T cells. The guanine-exchange factor DOCK8 is a signaling adaptor that controls the survival and function of CD8 + T cells 21 and activation of B cells 22 . Moreover, DOCK8 mutation in humans causes severe combined immunodeficiency associated with high susceptibility to infection 21, 22 . DKK3 is a glycoprotein that modulates Wnt signaling and has a regulatory function in CD8 + T cells 23 .
While our analysis revealed many signaling mediators and transcription factors of unknown function in γδ T cells (or T cells in general), various candidates were among the proteins with receptor activity (Supplementary Table 2 ): the costimulatory receptor SLAMF1 (CD150), which controls the development of natural killer (NK) T cells 24 and promotes inflammation in a mouse model of colitis 25 ; the scavenger receptor SCARF1, which recognizes and triggers innate immune responses to fungi 26 Table 1 ). Individual ChIP-seq profiles showed that Il17a ( Fig. 4a ) and Il17f and Il22 ( Supplementary Fig. 3a ) accumulated many active H3K4me2 marks in γδ27 − T cells but not in γδ27 + T cells, whereas the Ifng locus displayed H3K4me2 marks in both γδ cell subsets (Fig. 4a) . ChIP followed by quantitative PCR (ChIP-qPCR) with primers for the respective promoters and other known regulatory conserved noncoding sequences [31] [32] [33] confirmed accumulation of active H3K4me2 marks in the Ifng locus in both γδ27 + T cells and γδ27 − T cells in the periphery ( Fig. 4b and Supplementary Fig. 3b ,c) and in the thymus (Fig. 4c) . The segregation of repressive H3K27me3 marks in γδ27 + T cells versus γδ27 − T cells was less obvious at loci encoding the signature cytokines, by both ChIP-seq ( Fig. 4a and Supplementary  Fig. 3a ) and ChIP-qPCR ( Supplementary Fig. 4 ). We also investigated additional histone modifications that associate with gene expression. Acetylation of histone H3 has been linked to the expression of genes important for the differentiation of helper T cells 31, 34 . ChIP-qPCR of γδ27 + and γδ27 − T cells, with primers specific for the Ifng and Il17a promoters, showed the presence of acetylated H3 marks at the Il17a locus exclusively in γδ27 − cells, while these permissive marks were of almost identical abundance at the Ifng locus in both γδ T cell subsets (Fig. 4d) .
To evaluate the effect of those histone-modification patterns on the expression of cytokine-encoding genes, we measured Ifng and Il17a mRNA by reverse transcription followed by quantitative PCR (quantitative RT-PCR). Consistent with the epigenetic data, Il17a had ~700-fold higher expression in peripheral γδ27 − T cells than in peripheral γδ27 + T cells, while Ifng had ~10-fold higher expression in 
Gene region
Proximal-promoter region
Genes with different density of H3 marks (×10 the crosstalk between thymocytes and thymic epithelial cells and thus affects early T cell development 27 ; Flt1, which binds vascular endothelial growh factor A and costimulates IFN-γ production 28 ; and OX40 (TNFRSF4), a costimulator of CD4 + and CD8 + T cells, as well as NK and NKT cells 29 , although its role in the activation of γδ T cells remains unclear. The only chemokine receptor-encoding gene other than Ccr6 with substantially different modification in γδ27 − T cells versus γδ27 + T cells was Ccr1 (Supplementary Table 2) ; CCR1 has been linked to the migration of macrophages and neutrophils 30 but not T cells.
Six of those eight candidates also had a difference in H3K4me2 modification in thymic γδ27 − T cells versus γδ27 + T cells ( Supplementary  Fig. 2) . Except for Ccr1, those genes had a greater abundance of H3K4me2 marks in peripheral γδ T cell subsets than in thymic γδ T cell subsets (Supplementary Fig. 2 ). This suggested that the epigenetic segregation of the gene-expression programs of γδ27 − and γδ27 + T cells starts in the thymus but is further consolidated as cells continue to mature in the periphery.
We did preliminary analysis of the expression of Dkk3 and Slamf1 on γδ T cells and assessed the effect of their deletion on the differentiation and function of γδ T cells. γδ27 − T cells showed considerable enrichment for Dkk3 mRNA and SLAMF1 protein relative to their abundance in γδ27 + T cells (Fig. 3a,b) . SLAMF1 was coexpressed with CCR6 in the thymus and in the periphery (Fig. 3b) and thus constitutes an additional marker for the CD27 − CCR6 + γδ T cell subset 10,13,14 . Whereas we observed no difference between Slamf1 −/− and wild-type mice in their production of IL-17, Dkk3 −/− mice displayed greater frequencies of peripheral IL-17-producing γδ27 − T cells than did wild-type mice (Fig. 3c) . In contrast, IL-17 expression was normal in Dkk3 −/− T H 17 cells (Fig. 3d) , and IFN-γ production was not altered in Dkk3 −/− γδ27 + or T H 1 cells (data not shown). These data suggested a role for DKK3 in selectively regulating IL-17 production in γδ27 − T cells. Thus, this analysis has provided a set of potential additional regulators of the differentiation and activation of γδ T cells, some of which may also be shared with CD4 + helper T cells (Supplementary Table 2 ). npg r e s o u r c e of genes encoding signature cytokines in γδ T cells is epigenetically patterned in the thymus and is sustained in peripheral γδ T cell subsets and revealed a distinct degree of polarization toward T H 1-like or T H 17-like effector function among γδ T cell subsets. γδ27 + T cells than in γδ27 − T cells (Fig. 4e) . Moreover, Il17f and Il22 were also overexpressed in γδ27 − T cells (Supplementary Fig. 3d ).
We also found similar differences for thymic γδ T cell subsets, in which the difference in expression was ~2-fold for Ifng and >200-fold for Il17a (Fig. 4f) and Il22 (data not shown). Of note, in the thymus, Ifng and Il17a transcripts were expressed only in γδ T cells and were almost undetectable in αβ thymocytes (Fig. 4f) . Both Ifng and Il17a were expressed in CD25 + γδ thymocytes, which represent a common progenitor population for both γδ27 − and γδ27 + T cells 10 , followed by further upregulation of Ifng in γδ27 + T cells and of Il17a in γδ27 − thymocytes (Fig. 4f) . These data demonstrated that the expression npg r e s o u r c e or, in some instances, specifically to the differentiation of cytokineproducing γδ T cells 35, 36 . For simplicity, here we have designated the regulators of IFN-γ or IL-17 production (in either CD4 + or γδ T cells) 'T H 1 factors' or 'T H 17 factors' , respectively. Examination of individual ChIP-seq profiles (Fig. 5a) or their global activity (Fig. 5b) revealed T H 17 polarization of γδ27 − T cells but not of γδ27 + T cells, indicated by the accumulation of permissive H3K4me2 marks in genes encoding differentiation factors, such as Rorc, Rora or Batf (Fig. 5a,b) , as well as in the cytokine receptor-encoding genes Il1r1 and Il23r 1,20 and the chemokine receptor-encoding gene Ccr6 (ref. 13) (Supplementary Fig. 5a ). Moreover, Rorc and Blk (Fig. 5a) and Maf and Irf4 (data not shown) displayed repressive H3K27me3 modifications in γδ27 + T cells but not in γδ27 − T cells. In contrast, most genes encoding T H 1-differentiation factors (such as Tbx21, Eomes and Hlx) were positively marked by H3K4me2 in both γδ T cell subsets, and some (Eomes and Hlx) also displayed substantial repressive H3K27me3 modification in both γδ T cell subsets (Fig. 5a) . As reference, genes encoding molecules associated with cell survival, the development of γδ T cells or alternative T cell effector functions did not show a difference in H3 modification in the two γδ T cell subsets (Fig. 5b and data not shown) .
To further document the epigenetic regulation of important transcription regulators in γδ T cell subsets, we analyzed the H3K36me3 marking of the Tbx21, Eomes and Rorc loci. H3K36me3 modifications, which accumulate at the 3′ end of genes, correlate with transcriptional activity in intron-containing genes 37 . The two γδ T cell subsets showed a difference of less than threefold in the H3K36me3 marking of Tbx21 or Eomes, whereas the Rorc locus had more than tenfold more H3K36me3 marking in γδ27 − T cells than in γδ27 + T cells (Fig. 5c) . The difference in the patterning of T H 1 or T H 17 factors in peripheral γδ T cell subsets extended to the transcriptional level, as by quantitative RT-PCR analysis we estimated the abundance of Rorc transcripts was ~600-fold greater in γδ27 − T cells than in γδ27 + T cells, whereas the abundance of Tbx21 and Eomes was only slightly (four-to sixfold) greater in γδ27 + T cells (Fig. 5d) . Furthermore, H3K4me2 modifications of the Ifng promoter in γδ27 + T cells were similar in wild-type and Tbx21 −/− mice (Supplementary Fig. 6 ), and Tbx21 −/− mice had a substantial proportion of IFN-γ-producing γδ T cells ( Supplementary  Fig. 7a,b) . In contrast, Rorc −/− mice lacked the CCR6 + (γδ27 − ) T cell subset in both the thymus and spleen (Supplementary Fig. 7c ) and did not express IL-17A in total γδ T cells (Supplementary Fig. 7d) .
Although the expression of many T H 1 factors versus that of T H 17 factors segregated with the two peripheral γδ T cell subsets (Fig. 5e) , the transcriptional polarization was much stronger for the T H 17 program (Fig. 5d,e) . That was consistent with the accumulation of repressive H3K27me3 marks at T H 17-related loci, such as Rorc, Blk and Maf (Fig. 5a and data not shown) , in γδ27 + T cells. Of note, the expression of Rorc, Rora and Maf was higher in γδ27 − T cells ex vivo than in T H 17 cells generated in vitro (Fig. 5d) (Fig. 5e) . These data documented distinct epigenetic patterning and transcriptional regulation of T H 1 factors versus T H 17 factors in γδ T cell subsets and showed that both γδ27 + and γδ27 − T cells had T H 1 factors epigenetically primed for expression.
Stable versus plastic differentiation of gd T cell subsets
In line with the epigenetic status of Ifng and the genes encoding T H 1 factors described above, γδ27 − T cells stimulated in vitro are reported to produce both IL-17 and IFN-γ 10 . To further explore the conditions that trigger IFN-γ production in those cells, we established short-term cultures of highly purified γδ27 − or γδ27 + T cells in cytokine-defined media. γδ27 − T cells responded to IL-1β and IL-23 by acquiring IFN-γ production, which resulted in a sizeable population of cells that produced both IL-17 and IFN-γ (Fig. 6a,b) . The differentiation of γδ27 − T cells into cells that produced both IL-17 and IFN-γ was negligible under T H 17-differentiation conditions (Fig. 6a,b) , whereas T H 1-differentiation conditions did not support the survival of γδ27 − T cells (Supplementary Fig. 8) . Furthermore, γδ27 + T cells stably and exclusively produced IFN-γ, even under T H 17 conditions (Fig. 6a) . Of note, stimulation with IL-1β and IL-23 resulted in the death of γδ27 + cells (Supplementary Fig. 8 ), consistent with their lack of expression of the corresponding receptors (Supplementary Fig. 5 ). Finally, we sought to determine if the plasticity of γδ27 − T cells was detectable in vivo. To investigate whether the systemic immune response to infection could drive the differentiation of IL-17 + IFN-γ + γδ T cells, we set up in vivo infection models based on four distinct types of microorganisms that elicit γδ T cell responses 10, 20 : a parasite (Plasmodium berghei), a virus (murid herpes virus 4), a bacterium (Mycobacterium avium) and a fungus (Candida albicans). We isolated cells from the spleen and lymph nodes at the peak of each γδ T cell response. However, we did not observe substantial populations of IL-17 + IFN-γ + γδ T cells in these acute infection models (Supplementary Fig. 9) .
We reasoned that a strong local inflammatory response might be necessary for the differentiation of IL-17 + IFN-γ + γδ T cells in vivo.
We therefore transplanted an ovarian cancer cell line (ID8) known to produce a highly inflammatory microenvironment 38 into the peritoneal cavity of mice and monitored the growth of ID8 tumor cells (transfected with a plasmid bearing a luciferase reporter-encoding gene) by bioimaging techniques 38 (data not shown). We observed the accumulation of a sizeable population of IL-17 + IFN-γ + γδ T cells after tumor growth (at 6 weeks; Fig. 6c ). Those IL-17 + IFN-γ + T cells were CD27 − , unlike the IFN-γ + γδ T cells (Fig. 6d) . In fact, IL-17 + IFN-γ + cells constituted up to 30% of the γδ27 − T cell subset present in the tumor-bearing peritoneal cavity (Fig. 6e) . In contrast, γδ27 + T cells remained exclusive producers of IFN-γ (Fig. 6d) . These data demonstrated that the plasticity of γδ27 − T cells, which is in contrast to the stable phenotype of the γδ27 + T cells, was triggered under specific local inflammatory conditions and may thus contribute to their function in vivo.
DISCUSSION
Epigenetic mechanisms ensure the autonomous maintenance of lineage phenotype in differentiated cells, even through mitotic divisions. Methylation patterns of active H3K4 and repressive H3K27 have been shown to affect the functional (in)stability of effector CD4 + helper T cell subsets 18, 32, 39 . Here we have described the epigenetic landscape of T H 1-and T H 17-related loci in γδ T cells freshly isolated from lymphoid organs. Through the use of genome-wide ChIP-seq analysis, we have identified many potential previously unknown participants in the differentiation and activation of γδ T cell subsets. Notably, among the top genes selected on the basis of their differences in histone H3 marking in γδ27 + versus γδ27 − T cell subsets, only a minority (40 of 120) were also different in CD4 + T H 1 versus T H 17 subsets. This suggested that different lineage-specific mechanisms of differentiation might operate in γδ T cells, as exemplified by DKK3.
DKK3 is a secreted glycoprotein that modulates Wnt signaling and whose expression is often epigenetically silenced in a variety of cancer cell types, which suggests a potential role as a tumor suppressor 40 . Although little is known about the functions of DKK3 in the immune npg r e s o u r c e system, it is reported to have a powerful regulatory function in CD8 + T cells 23 . DKK3 is expressed in transgenic CD8 + T cells tolerized in the neonatal period through interactions with a self antigen expressed in keratinocytes (in a double-transgenic mouse model) and is necessary and sufficient for maintenance of CD8 + T cell tolerance in this model. In particular, Dkk3 −/− mice reject autologous skin grafts and readily eradicate transplantable tumors 23 . Notably, published studies have suggested a general absence of Dkk3 expression on T cell subsets, except for a specific subset of long-term memory CD8 + T cells 41 . Our findings have extended Dkk3 expression to the γδ27 − T cell subset while excluding it from γδ27 + T cells and CD4 + helper T subsets. Furthermore, Dkk3 −/− γδ27 − T cell populations showed enrichment for cells that produced IL-17, which selectively linked DKK3 to the functional differentiation of this γδ T cell subset. Although the mechanisms of action of DKK3 remain unclear, it is widely regarded as an inhibitor of the Wnt signaling cascade 40 . Notably, the downstream (transcriptional) effectors of Wnt signaling, TCF1 and Lef, have been shown to inhibit the differentiation of IL-17-producing γδ T cells 42 . Moreover, in our ChIP-seq analyses, Tcf7 (which encodes TCF1) and Lef were biased toward γδ27 + T cells (albeit below the eightfold threshold that was the inclusive criteria we used here): Lef1 displayed a 6.4-fold enrichment for active H3K4me2 marks in γδ27 + T cells and 4.8-fold enrichment for repressive H3K27me3 marks in γδ27 − T cells; and Tcf7 showed a 4.5-fold accumulation of H3K27me3 marks in γδ27 − T cells. Given the increased production of IL-17 by Dkk3 −/− γδ27 − T cells, these data suggested crosstalk between DKK3 and Wnt signaling during the differentiation of γδ T cells that warrants further investigation.
As functional differentiation of γδ T cells can occur in the thymus [10] [11] [12] , the stability of cellular phenotypes in the periphery probably depends on the epigenetic patterning of key (master) transcription factors. Our data showed that Tbx21 and Eomes (which encode T H 1-related transcription factors) and Rorc and Batf (which encode T H 17-related transcription factors) were distinctively patterned (by histone H3 modifications) in the γδ27 + versus γδ27 − subsets, and this was associated with their mRNA expression. Notably, genetic deletion of Tbx21 or Rorc (data not shown) did not impair the epigenetic marking of the respective signature cytokine-encoding genes Ifng and Il17. That was consistent with studies showing that T-bet (encoded by Tbx21) has very modest effect on the active enhancer repertoire of CD4 + T H 1 cells 43 . That result notwithstanding, our data cannot exclude the possibility that histone patterning of Ifng or Il17 in γδ T cell subsets is controlled by unknown combinations of T H 1-or T H 17-related transcriptional regulators. Of note, members of the STAT family of transcription factors have a critical role in shaping the epigenetic landscape of T H 1, T H 2 and T H 17 cells 18, 43, 44 . Although the role of STAT1 and STAT4 in the differentiation of IFN-γ + γδ T cells requires further investigation, STAT3 is largely dispensable for the generation of IL-17-producing γδ T cells 45 . That is consistent with their independence of IL-6 signals 46 and illustrates how the developmental programming of γδ T cells (in the thymus) follows rules distinct from those of CD4 + T cell differentiation after activation (by signaling via the T cell antigen receptor and cytokines) in the periphery.
While our study here concentrated on intracellular (nuclear) mechanisms of differentiation, it is also important to consider the roles of extracellular cues. In particular, the innate cytokines IL-1β and IL-23 drive the selective population expansion of IL-17 + γδ T cells in infection 20 , autoimmunity 1 and tumor 47 models. Our data showed selective epigenetic and transcriptional polarization of IL-1R1 and IL-23R in γδ27 − T cells, which highlights the importance of these receptors in the biology of IL-17 + γδ T cells (but not IFN-γ + γδ T cells). IL-1β and IL-23 also seemed to be key elements of the inflammatory milieu that triggered the plasticity of γδ27 − T cell in vitro. In vivo, we detected that plasticity in the tumor microenvironment but not during systemic responses to infection. Notably, CD4 + T cells 'convert' from T H 17 cells to T H 1 cells under IL-23-dependent inflammatory conditions in experimental autoimmune encephalomyelitis but not during acute cutaneous infection with Candida albicans, while in the same conditions, γδ T cells remain producers of IL-17 and do not acquire IFN-γ expression 48 . However, that does not indicate that microorganisms cannot trigger plasticity in γδ27 − T cell, as it has been observed in gut-associated (mesenteric) lymph nodes after oral infection with Listeria 49 . Instead, we think this highlights the importance of the local inflammatory environment for the acquisition of IFN-γ expression by γδ27 − T cells.
The epigenomic data on γδ T cell subsets presented here provides a framework for the analysis and interpretation of the functions of γδ27 + and γδ27 − T cells in the periphery. In particular, we found that γδ27 − T cells that acquired the ability to produce IL-17 during thymic development were nonetheless endowed with functional plasticity that allowed them to also produce IFN-γ under local inflammatory conditions. Future studies should determine the specific roles of IL-17 + IFN-γ + γδ cells in vivo models of infection, cancer or autoimmunity. These cells have been observed in the central nervous system of mice suffering experimental autoimmune encephalomyelitis (but not in healthy control mice) 50 and may thus contribute to the pathogenic role of γδ T cells in this 1 and other disease models.
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